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We discuss a question whether the observed Weinberg angle and Higgs mass are calculable in the
formalism based on a construction in which the electroweak gauge group SU(2)×U(1)Y is embedded
in the graded Lie group SU(2/1). Here we follow original works of Ne’eman and Fairlie believing
that bosonic fields take their values in the Lie superalgebra and fermionic fields take their values in
its representation space. At the same time, our approach differs significantly. The main one is that
while for them the gauge symmetry group is SU(2/1), here we consider only symmetries generated
by its even subgroup, i.e., symmetries of the standard electroweak model. The reason is that such
formalism fixes the quartic Higgs coupling and at the same time removes the sign and statistics
problems. The main result is that the presented model predicts values of the Weinberg angle and
the Higgs mass correctly up to the two-loop level. Moreover, the model sets the unification scale
coinciding with the electroweak scale and automatically describes the fermions correctly with the
correct quark and lepton charges.
INTRODUCTION
The standard model (SM) is a mathematically con-
sistent renormalizable field theory which consistent with
all experimental facts. It successfully predicted the exis-
tence of the weak neutral current and masses of the W
and Z bosons, and the charm quark, as necessitated by
the GIMmechanism. At the same time some values of the
SM parameters are not calculable in the theory, notably,
the fermion mass hierarchy, the hierarchy of symmetry-
breaking scales, and the Higgs boson mass. Furthermore,
the description of electroweak symmetry breaking with a
Higgs boson suffers from several instabilities at the quan-
tum level. The SM particles give unnaturally large cor-
rections to the Higgs mass. They destabilize the Higgs
vacuum expectation value and tend to push it towards
the ultraviolet cutoff of the SM.
One way to protect the divergence is to identify the
scalar as the extra components of some gauge field in ex-
tra dimensions. This idea has been exploited for a long
time [1–3], but only recently within the context of orb-
ifolds it has been implemented in realistic models [4–12]
(see also the review [13]). Another early theory which
invoked the notion of additional dimensions was that
of [14, 15] (see also [16]) in which the gauge SU(3) group
was replaced by the graded Lie group SU(2/1). In this
formalism, the even (bosonic) part of the su(2/1) alge-
bra defines the SU(2)× U(1)Y gauge sectors of the SM,
while the Higgs sector is identified as the odd (fermionic)
part of the algebra. Interestingly, the fundamental rep-
resentation of SU(2/1) exactly corresponds to the lepton
triplet, which contains an SU(2) doublet and a singlet.
Moreover, it was noted [17, 18] that SU(2/1) also ad-
mits a four-dimensional representation exactly fitting the
quarks, with two right singlets and a left doublet with
electric charges 2/3 and −1/3. All this makes this model
very attractive. At the same time, it have a number of
phenomenological problems.
First, since the group SU(2/1) is simple, it follows that
the model fixes the ratio of the gauge couplings (and
hence the Weinberg angle) and the quartic Higgs coupling
(and hence the Higgs mass). The ratio g/g′ =
√
3 and the
value sin2 θW = 1/4 have been already found in the first
works [14, 15]. The tree-level values of the Higgs mass
have been predicted in the works [15, 19–21]: MH ≃
426, 246, 161 and 130 GeV respectively. Unlike the three
first results, the last value was obtained by the one-loop
approximation of the tree-level Higgs mass at the scale
M0 = 2MW . However, as was shown in [22], the value
sin2 θW = 1/4 select the scale M0 ≃ 4 TeV in which the
renormalization group running leads to predictions of the
Higgs mass around 170 GeV. Thus, all these predictions
are in contradiction with the the experimental data.
The second difficult is the so-called “sign problem”,
that arises from the fact that in the SU(2/1) gauge the-
ory the kinetic energy of the vector bosons (which is asso-
ciated with the supertrace of the product of generators)
is not positive-definite, and hence at least one of the ki-
netic energy term is going to have the wrong sign [23].
Finally, there is a so-called “statistics problem” associ-
ated with the fact that the parameters that multiply the
odd generators of SU(2/1) have to be Grassmann num-
bers, so that the Higgs fields have to be anticommuting
among themselves, in total disagreement with the funda-
mentals of quantum field theory. All these problems are
very serious and so far are not solved.
In this paper we follow the original works of Ne’eman
and Fairlie [14, 15] believing that all bosonic fields of
the presented model take their values in the superalge-
bra Lie su(2/1) while the fermionic fields take their val-
ues in a representation space of su(2/1). At the same
time the model contains a number of essential differences
from the model of Ne’eman and Fairlie. The main of
them is that while for them the gauge symmetry group
is SU(2/1), here we admit only symmetries generated
by its even subgroup, i.e., symmetries of the standard
electroweak model. Despite the fact that this require-
ment seems some what unnatural (in the section 2, we’ll
2make an attempt to dispel these doubts), it is very at-
tractive as it eliminates the sign and statistics problems.
Indeed, since the trace of any element of the superalge-
bra is SU(2) × U(1) gauge-invariant, it follows that the
kinetic energy of the vector bosons (which is associated
with the trace) is positive-definite, and hence the sign
problem is removed. Further, since the adjoint action
of SU(2) × U(1) on su(2/1) does not contain anticom-
mutators, it follows that elements of the Grassmann al-
gebra cannot be parameters of the action. Hence the
Higgs doublet is not associated with the odd generators,
it only defines a representation for the even subgroup of
SU(1/2), and consequently has not the wrong statistics.
This paper is organized as follows. In the next section
we present a simple model of gauge-Higgs unification that
gives a prediction for the tree-level value of the Higgs
boson mass. The section 3 contains the basic results. In
this section we identify the Higgs potential with the extra
component of a five-dimensional vector field and build the
SU(2)×U(1) gauge-invariant Lagrangian. We then find
the tree-level values of the Weinberg angle and the Higgs
mass. In the next two sections we compute values of these
quantities in the one-loop and two-loop approximations.
Finally, section 6 is devoted to some general conclusions,
and some technical details are collected in the appendix.
NAIVE CONSTRUCTION
We begin by considering the standard electroweak
model with its fermionic sector composed of the first fam-
ily leptons only. With the fermions the gauge-invariant
Lagrangian takes on the form
Lψ = ψ¯LiγµDµψL + ψ¯RiγµDµψR
+ fe
(
ψ¯LφψR + ψ¯Rφ
†ψL
)
, (1)
where the left-handed field ψL = (νL, eL) transforms as
SU(2) doublet and ψR = eR is a singlet. We rewrite the
Lagrangian (1) in a slightly different way. Let
D˜µ = Dµ +
i
4
γµM, (2)
where the covariant derivative and the scalar field are
defined by
Dµ = ∂µ − i g
2
Aiµλi − i
g′
2
Bµλ0, (3)
M = m− k(φ4λ4 + φi+4λi+4). (4)
Here g and g′ are the usual coupling constant, λ1, . . . , λ7
are the standard Gell-Mann matrices and λ0 =
diag(−1,−1,−2). The constant m and the normaliz-
ing factor k will be determined later. Consider the La-
grangian
LΨ = ΨiγµD˜µΨ, (5)
where the triplet Ψ is composed of a doublet ψL and
a singlet ψR. It is easy to see that this Lagrangian is
coincided with (1) as soon as
φ =
(
φ4 − iφ5
φ6 − iφ7
)
and k = fe. (6)
In order to clarify the meaning of the operator D˜µ, we
consider the Lagrangian for a free spinor field
L0 = ψ¯(iγµ∂µ −m)ψ. (7)
Suppose the field ψ = ψL + ψR transforms as n-plet un-
der an unitary group G. Then L0 has a global G sym-
metry. Replacing ∂µψ by the covariant derivative Dµψ,
we obtain a gauge-invariant Lagrangian. Now let the
left-handed field ψL transforms as G n-plet, whereas the
right-handed field ψR transforms as H ⊂ G m-plet. If
H 6= G, then the Lagrangian (7) is not invariant even un-
der the global (G,H) symmetry. To construct a gauge-
invariant Lagrangian we proceed as follows. We replace
ψ by the (n+m)-plet Ψ = (ψL, ψR), the partial derivative
∂µψ by the covariant derivative DµΨ , and the constant
m by the operator M of the (4) type. If we now assume
that the n×m matrix φ is transforms under left action of
G and right action of H , then we get the gauge-invariant
Lagrangian
L = Ψ(iγµDµ −M)Ψ (8)
which is exactly the same as the Lagrangian (5) for the
case G = SU(2) × U(1) and H = U(1). Thus, the ex-
pression (2) can be regarded as a “deformation” of the
covariant derivative Dµ, which is defined by the choice of
a subgroup in the gauge symmetry group. Note also that
the Lagrangian (8) (as well as (10)) is invariant under
the global U(m+ n) transformation
Ψ → UΨ and D˜µ → UD˜µU−1 (9)
mixing the left- and right-handed fermions and the vector
and scalar bosons. This was first noted in [24].
Now we consider the deformation of the Yang-Mills
Lagrangian. Let
LA,Φ = 1
2g2
Tr(F˜µν F˜
µν), (10)
where the field F˜µν is defined by
[D˜µ, D˜ν ] = F˜µν − i g
′
2
(∂µBν − ∂νBµ)λ0. (11)
With the complex doublet (6) and its covariant derivative
that given by
Dµφ = ∂µφ− i g
2
Aaµσaφ, (12)
3the Lagrangian (10) takes the form
LA,Φ = −1
4
F iµνF
iµν
− 3k
2
2g2
[
(Dµφ)
†Dµφ+ 3m2φ†φ+
k2
2
(φ†φ)2
]
.
(13)
We choose k2 = −g2/3 and identify φ with the Higgs dou-
blet. Then the Lagrangian (13) is precisely the Weinberg-
Salam model Lagrangian (more precisely, it is the bosonic
part of the Lagrangian without the U(1)-term), in which
the gauge and quartic couplings are related by
λ =
g2
3
. (14)
Since the mass of the physical Higgs scalar particle (in the
tree-level approximation) is MH =
√
2λv, where v is the
vacuum expectation value, the model gives a prediction
for the mass of the Higgs boson.
GAUGE-HIGGS MODEL
We have shown in the last section that the SM La-
grangian can be obtained as a deformation of the Yang-
Mills Lagrangian. In this case the quartic Higgs coupling
is fixed, and hence the model gives a theoretical predic-
tion for the Higgs boson mass. However it falls short
of being a quite satisfactory model because the origin of
the normalizing constant k is far from clear, as well as
the inclusion of the quarks. In addition, by ignoring the
U(1)-term in the bosonic part of the Lagrangian we sig-
nificantly impoverish the model. In this section we shall
present a solution of the problems.
Let us consider first the commutator (11) in detail. It
is not difficult to shown that
[λa, λb] = 2icabcλc, (15)
[λa, γµλb¯] = 2iγµf
c¯
ab¯
λc¯, (16)
[γµλa¯, γνλb¯] = 2γµγνd
c
a¯b¯
λc, (17)
where µ 6= ν. Comparing this with the formulas (62)–
(64) in Appendix, we see that the projections γµλa¯ → λa¯
and γµγνλa → λa transform (15)–(17) into the com-
mutation relations of the Lie superalgebra su(2/1). Of
course, these two types of commutation relations are to-
tally different. Nevertheless, since we take the trace in
(10) of both the Gell-Mann matrices and the Dirac γ-
matrices, it follows that ignoring the latter only leads to
a change of coefficients in the right side of (13). With
this in mind, we can now turn to the construction of
the gauge-Higgs model in which the electroweak gauge
group SU(2) × U(1)Y is embedded in the graded Lie
group SU(2/1). To this end, we redefine the covariant
derivative (3) and the scalar field (4) by
Dµ = ∂µ − i g
2
Aaµλa, (18)
M = m− g
2
φa¯λa¯, (19)
where λa and λa¯ are 4× 4 matrices, which are defined in
appendix A. We suppose that the fields contained in the
even part of the superalgebra su(2/1) are the Yang-Mills
gauge fields while the massless SU(2) doublet contained
in the odd part of su(2/1) is the Higgs doublet. Consider
the Lagrangian
LA,Φ = 1
2g2
Tr
(
FMNF
MN
)
, (20)
where the field FMN is defined by
Fµν = [Dµ, Dν ], Fµ5 = [Dµ,M ], F55 = {M,M}.
(21)
With the complex doublet φ and its covariant derivative
Dµφ are given in (6) and (12) the Lagrangian (20) takes
on the form
L(n)A,Φ = −
1
4
F iµνF
iµν − 2 + n
2
4n2
F 0µνF
0µν
− 1
2n
[
(Dµφ)
†Dµφ+ 3m2φ†φ− 1 + n
2
4n
g2(φ†φ)2
]
.
(22)
Note that the definition of coupling constants depends
on the normalization of the generators. Since in the non-
Abelian case the normalization of the generators is fixed
by the nonlinear commutation relations, it follows that
the generators of su(2/1) must be similarly normalized.
We will return to this point later.
We now consider the calculations in more detail. To
this end, we rewrite the second terms on the right-hand
side of (18) and (19) in the explicit form
Aaµλa =

Akµσk + 1nA0µ 0 00 n+1
n
A0µ 0
0 0 1−n
n
A0µ

 , (23)
where σk are the standard Pauli matrices, and
φa¯λa¯ =


0 −
√
n+1
2n φ˜
√
n−1
2n φ√
n+1
2n φ˜
† 0 0√
n−1
2n φ
† 0 0

 , (24)
where the isodoublet φ˜ = iσ2φ
∗. (Note that the third
and fourth terms on the right-hand side of (22) con-
tain only the combinations φ†φ because of the identities
Tr(φφ†) = φ†φ = φ˜†φ˜ and Tr(φφ†)2 = (φ†φ)2; the same
is true for the second therm.) In order to give physical
meaning of the Lagrangian (22), we consider the covari-
ant derivative DµΨ with the fermions ψL, ψR1 and ψR2
4arranged in a quartet Ψ transforming as a doublet to-
gether with two singlets in the internal space. It is not
difficult to see that the Lagrangian ΨiγµDµΨ has physi-
cal meaning only if n = −1 or n = 3. Indeed, it follows
from (23) that only in this case the factors in front of A0µ
coincide with the fermionic hypercharge values. We call
the representations of su(2/1) with n = −1 and n = 3
the lepton and quark representation respectively.
We now construct a combined quark-lepton represen-
tation. We first note that quarks have the three colours
and, therefore, the dimensionality of the quark represen-
tation has to be enlarged. The simplest way to do this
is to rewrite the commutation relations (62)–(64) in the
form
[λµa , λ
ν
b ] = 2iδ
µ
ν cabcλ
ν
c , (25)
[λµa , λ
ν
b¯
] = 2iδµν f
c¯
ab¯
λνc¯ , (26)
{λµa¯ , λνb¯} = 2δµν dca¯b¯λνc , (27)
where the metric gµν has the signature (+−−−) and no
summation over ν. As above, the matrices λµa¯ and λ
µ
a de-
fine the n-representations of su(2/1). Suppose n = −1 as
µ = 0 and n = 3 otherwise. We obtain a Lie superalgebra
with the basis {λµa , λµa¯}, which is isomorphic to the direct
sum of four superalgebras su(2/1). Its subalgebra with
the generators λa =
∑
µ λ
µ
a and λa¯ =
∑
µ λ
µ
a¯ give us a
representation of su(2/1). Obviously, this representation
can be is realized by 16 × 16 block matrices. We shall
refer to this representation as the quark-lepton represen-
tation. Redefining the even generators as λ˜0 =
√
3/10λ0
and λ˜k =
√
1/2λk, we obtain the following normaliza-
tion for the quark-lepton representation:
Tr
(
λ˜aλ˜b
)
= 4δab, Tr
(
λµa¯λb¯µ
)
= 4δa¯b¯, (28)
where all generators are similarly normalized. Now we
can begin the construction of the realistic gauge-Higgs
model.
Again let us examine the Lagrangian (20), where we
take the generators of the quark-lepton representation
which are normalized by the conditions (28), and where
the factor 1/2 is replaced by 1/4. Using the same proce-
dure as above, we get instead of (22) the Lagrangian
LA,Φ =− 1
4
F aµνF
aµν
+
1
2
[
(Dµφ)
†Dµφ+ 3m2φ†φ− g
2
6
(φ†φ)2
]
.
(29)
In order to obtain the standard model Lagrangian we
only need to identify φ with the Higgs doublet and
Akµ = A˜
k
µ/
√
2 with the SU(2)L gauge bosons. The last
condition is a consequence of the chosen normalization
and the obvious identity Akµλk = A˜
k
µλ˜k (provided that
the gauge coupling is unchanged).
As in (13), the quartic coupling is given by (14). In
contrast to the model discussed in the previous section,
however, in the Lagrangian (29) there is no the arbitrary
parameter k. Moreover, in this model there is only one
gauge coupling constant g. Therefore it also predict a
relation between the coupling constants of SU(2) and
U(1)Y at a unification scale M0. Indeed, the definition
of coupling constants depends on the normalization of
the generators. For the superalgebra su(2/1) these nor-
malization are fixed by the conditions (28). Therefore
gA0µ(x)λ˜0 = g
′Bµ(x)λ0, (30)
where the gauge field Bµ(x) is identified with A
0
µ(x).
From this it follows that (as opposed to the standard
grand unification formula)
g2 =
10
3
g′2 (31)
at the unification scaleM0. Using the standard formulas
sin2 θW = g
′2/(g2+ g′2), M2H = 2λv
2 and M2W = g
2v2/4,
we obtain from (14) and (31) the tree-level values of the
Weinberg angle and the Higgs boson mass
sin2 θW =
3
13
, M2H =
8
3
M2W . (32)
Finally, we turn to the construction of the Lagrangian
including fermion fields. Suppose Ψ is a quartet with
the fermions ψL, ψR1 and ψR2 transforming as a doublet
together with two singlets in the internal space. Consider
the Lagrangian
LΨ = ΨiγµDµΨ −
(
k1ΨMΨ + k2Ψγ5MΨ + h.c.
)
, (33)
where the covariant derivative and the scalar field are
defined in (18) and (19). Substituting (23) and (24) into
(33), we get the Lagrangian
L(n)Ψ = ψ¯LiγµDµψL + ψ¯R1,2 iγµDµψR1,2
+
(
f1ψ¯LφψR1 + f2ψ¯Lφ˜ψR2 + h.c.
)
, (34)
where the constants (the Yukawa couplings)
f1 =
√
n− 1
2n
gk1, f2 =
√
n+ 1
2n
gk2. (35)
Again passing to the quark-lepton representation, we get
instead of (34) the Lagrangian describing the fermion sec-
tor of the standard electroweak model. Note that this
representation automatically describes the quarks and
leptons correctly as transforming as doublets and sin-
glets under SU(2) × U(1)Y with the correct quark and
lepton charges. Note also that f2 = 0 as n = −1. Hence,
neutrinos in the model are massless (in the tree-level, of
course).
5WEINBERG ANGLE
The conditions (31) are valid for the energy scale µ ≥
M0. Now we study the regime µ < M0. The evolution
of the SU(n) gauge coupling constant controlled by the
renormalization group equation
dα−1n (µ)
d lnµ
=
bn
6pi
. (36)
(For the time being we shall have ignored the contri-
bution coming from the Higgs scalar and higher-order
effects.) It is important to keep in mind that the nor-
malization used here is non-canonical (as opposed to
the grand unification model normalization). Because of
the different normalization of the SU(2) generators, the
gauge coupling constants of these two models have dif-
ferent rates of evolution. For SU(2), the value b2 =
22−2k−1Nf , whereNf is the number of quark flavors and
k = 1 (for the grand unification model) or 2 (in the non-
canonical case). For U(1), a straightforward summation
of (squared) weak hypercharges with proper rescaling of
the normalization yields b1 = −2Nf (in the both cases).
Expressing the low-energy couplings in terms of more fa-
miliar parameters, we can represent the solutions of Eq.
(36) as
α−1(µ) sin2 θµ = α
−1
2 (M0)−
b2
6pi
ln
M0
µ
, (37)
3
5
α−1(µ) cos2 θµ = α
−1
1 (M0)−
b1
6pi
ln
M0
µ
, (38)
where α2(M0) = kα1(M0). Combining these equations,
we easily obtain
sin2 θµ =
3
5k + 3
(
1− 55kα(µ)
9pi
ln
M0
µ
)
. (39)
Using the mass relation
sin2 θW = 1− M
2
W
M2Z
(40)
and the experimental data (see [25])
MZ = 91.1876± 0, 0021 GeV, (41)
MW = 80.384± 0.015 GeV, (42)
α−1(MW ) = 127.954± 0.015, (43)
we get M0 ≃ 3 · 1013 GeV for k = 1 (this is the standard
unification scale in GUT) and M0 = 246 ± 10 GeV for
k = 2. Thus for the non-canonical model, it can be
argued that the unification scale M0 is coincided with
the vacuum expectation value
v = 246.2204± 0.0005 GeV. (44)
Since our model do not contain new fields, this statement
does not contradict the experimental data. We show the
gauge coupling unification in Figure 1.
Figure 1: Two-loop gauge coupling unification with α−1
1
(µ) ≥
2α−1
2
(µ)
.
Conversely, substituting the values ofMZ , α(MW ) and
M0 = v into (39), we easily obtain the value MW =
80.3841± 0.0018 GeV. Taking into account the contribu-
tion coming from the Higgs scalar δ(s)MW = −3.9 MeV
and two-order effects (except for the gluons contribute)
δ(2)MW = 2.6 MeV, we have
MW = 80.3835± 0.0018 GeV, (45)
sin θW = 0.22289± 0.00005. (46)
This excellent agreement with the experimental results.
In order to account for the gluons contribute, we need
to change the normalization of the strong coupling. The
appropriate (non-canonical) normalization was proposed
in [26], where phenomenological consequences of such
normalization was investigated. In this case the contribu-
tion coming from the two-order effects is δ(2)MW = 1.9
MeV that is not really affect the result.
HIGGS BOSON MASS
Our starting point in this section will be the effective
potential of the SM. The effective potential formalism of
Coleman and Weinberg [27] and the functional improve-
ments made by Jackiw [28] are well known. In general
one shifts scalar fields as φ(x) → φ + φq(x), where φ is
x-independent. Then the effective potential is given by
the sum of vacuum graphs, with φ-dependent propaga-
tors and vertices. At the tree level the effective potential
is V0(φ), given by
V0(φ) = −1
2
µ2φ2 +
1
4
λφ4, (47)
where λ and µ2 are the SM scalar self-couplings. Writing
the effective potential as a sum
Veff (φ) = V0(φ) + V1(φ) + V2(φ) + . . . (48)
6of the tree-level part V0(φ) plus radiative corrections, one
finds
M2H =
∂2Veff
∂φ2
∣∣∣∣
φ=v
(49)
where v is the vacuum expectation value at the minimum
of the effective potential, determined by the minimization
condition
∂Veff
∂φ
∣∣∣∣
φ=v
= 0. (50)
Then the mass term in the Higgs potential can be easily
written as
M2H = 2λv
2 + δ1M
2
H + δ2M
2
H + . . . , (51)
where δ1M
2
H and δ2M
2
H are the one-loop and two-loop
Higgs mass corrections. In particular, it follows from
(14) and the standard formula MW = gv/2 that in the
tree-level the Higgs mass
MH =
√
8
3
MW . (52)
Using the experimental knowledge of the vector boson
mass, we find MH = 131.267± 0.023 GeV.
Now we turn our attention to the one-loop Higgs poten-
tial of the SM. It can be written in the ’t Hooft-Landau
gauge as [29, 30]
V (φ) = V0(φ) + V1(φ), (53)
where the one-loop Coleman-Weinberg potential is
V1(φ) =
1
16pi2
[
3
2
W 2
(
ln
W
M2
− 5
6
)
+
3
4
Z2
(
ln
Z
M2
− 5
6
)
+
1
4
H2
(
ln
H
M2
− 3
2
)
+
3
4
G2
(
ln
G
M2
− 3
2
)
−3T 2
(
ln
T
M2
− 3
2
)]
(54)
with
W =
1
4
g2φ2, Z =
1
4
(g2 + g′2)φ2 (55)
H = −µ2 + 3λφ2, G = −µ2 + λφ2 (56)
T =
1
2
g2t φ
2. (57)
Here g and g′ are the gauge couplings and and gt is the
top quark Yukawa coupling (we neglect other Yukawa
couplings throughout). At the minima of V0(φ) we have
G = 0 and H , T , W , Z become the tree level (masses)2
of the Higgs, top quark, W and Z bosons respectively.
Using the minimum condition (50), we can express µ2 in
the terms of λ and M .
On the other hand, it follows from (14) that the run-
ning coupling
λ−1(M ′) = 3
[
g−2(MW )− b2
24pi2
ln
MW
M ′
]
, (58)
where b2 = 22 − 2NF − 1/2 (the number of quark
flavours NF = 5 for a three-family theory without the
top quark). Note that the quartic coupling automatically
inherit the good ultra-violet asymptotically free behavior
of the gauge coupling. Therefore we can present MH as
a function of the two parameters M and M ′. Using the
standard formulas
g(MW ) =
√
4piα(MW )
sin θW
, gt =
√
2MT
v
, (59)
and the experimental data (41)–(44) and the top quark
mass MT = 173.36 ± 0.72 GeV, that was computed in
refs. [31] and [32], we find this function (see Figure 2).
Figure 2: Values of MH at the tree-level and one-loop approx-
imations.
It was shown in [34] that the resulting minima and
masses are relatively independent of the precise choice of
the mass parameter M , as long as the potential (54) is
used. (Note that use of earlier potentials was inaccurate
due to a sensitive dependence on the choice of scale; see
the review [35].) Therefore we may suppose that it co-
incides with M ′. In this case, MH will be a function of
only one parameter M (see Figure 3). If we now take
the value of M at the production threshold of the Higgs
boson we then obtain the Higgs mass in the one-loop
approximation MH = 126.58± 0.19 GeV.
Note that scalar loop contributions can be imaginary
near the origin. However, this does not destroy the cal-
culational method, but is instead indicative of a physical
instability. As was shown in [33], the imaginary part of
the perturbatively calculated Veff has a natural interpre-
tation as the decay rate per unit volume corresponding
to this process and that it agrees quantitatively with an
independent calculation of this rate. Since in the consid-
ered case the imaginary contributions are very small, we
can ignore them. The real one-loop contributions to the
Higgs mass are listed in Table I.
7Figure 3: Higgs boson mass at the tree-level and the one-loop
(renormalised at M =M ′).
m0 δmV δmS δmF MH
131.57 −0.25 −0.83 −3.82 126.58
Table I: Values of the one-loop contribution to the Higgs mass.
Here δmV , δmS and δmF are linearly approximate contribu-
tions of the vector and scalar bosons and top quark respec-
tively.
In order that to obtain the two-loop approximation of
the mass, one may use the results of [36] (see also [37]),
where the standard model effective potential to two loops
was calculated. But but it is easier to use a different
approach. Let us write the mass term in (54) by
M2H = (M
′
H)
2 + δ2M
2
H + . . . , (60)
whereM ′H is the mass term in the one-loop Higgs poten-
tial. Neglecting the three-loop contribution to the Higgs
mass and setting δ2MH = δ2M
2
H/2MH, one obtains the
approximate expression MH = M
′
H + δ2MH . The value
of the Higgs mass MH renormalised at M = MH must
coincide with the experimental value of the Higgs mass
measured by present ATLAS and CMS data [39, 40] (see
also average [41]):
M expH = 125.66± 0.34 GeV. (61)
Setting MH = 125.66 GeV and computing M
′
H (in the
same normalization), we find the value δ2MH = −0.81
GeV. Adding this correction to the found previously
value of the one-loop Higgs mass, we obtain the Higgs
mass in the two-loop approximationMH = 125.77± 0.19
GeV.
Note that the one-loop quartic Higgs coupling is fixed
by the condition M = M expH , while the two-loop quartic
coupling needs the condition MH = M instead of (58).
It is interesting that in both cases the tree-level equation
m2 = 2λv2 gives values of the one-loop and two-loop
Higgs mass terms computed at ref. [38]. We present these
calculations in Table II.
M MH λ m
NLO 125.66 126.47 0.14547 132.81
NNLO 125.66 125.66 0.14377 132.03
Table II: Values of the Higgs mass and the quartic coupling
computed at one-loop and two-loops and renormalised at M =
MexpH GeV.
CONCLUSION
In this paper we addressed a question whether the ob-
served Weinberg angle and Higgs mass are calculable in
the formalism based on a construction in which the elec-
troweak gauge group SU(2)×U(1)Y is embedded in the
graded Lie group SU(2/1). The main result is that the
presented model predicts values of the Weinberg angle
and the Higgs mass correctly up to the two-loop level.
In the paper we have followed the original works of
Ne’eman and Fairlie believing that bosonic fields of the
model take their values in the superalgebra Lie su(2/1)
and fermionic fields take their values in a representation
space of su(2/1). At the same time the model contains
a number of differences from the model of Ne’eman and
Fairlie. The fundamental difference is that while for them
the gauge symmetry group is SU(2/1), here we admit
only symmetries generated by its even subgroup, i.e.,
symmetries of the standard electroweak model. Another
difference is that we identify the Higgs potential with
the extra component of a five-dimensional vector field,
whereas in the model of Ne’eman and Fairlie the six-
dimensional formalism are used. Finally, we are not lim-
ited only to the fundamental representation of SU(2/1).
In the model we built a representation in which the one
family fermions are arranged in one multiplet.
Interestingly, the model predicts the unification scale
coinciding with the electroweak scale. It fits perfectly
with the choice of the symmetry group of the model,
since this scale characterizes the spontaneous symmetry
breaking of SU(2)× U(1)Y to U(1). Since the model do
not contain new fields, it follows that the appearance of
the unification scale does not contradict the experimental
data. Note also that the model automatically describes
the quarks and leptons correctly as transforming as dou-
blets and singlets under the gauge group with the correct
quark and lepton charges and also predicts masslessness
of the neutrinos.
Representations of su(2/1)
The smallest nontrivial simple Lie superalgebra
su(2/1) contains (in the fundamental representation)
four bosonic generators λa (a ≤ 3) which form the Lie
algebra su(2) ⊕ u(1) and four fermionic generators λa¯
8(a¯ > 3), whose commutation relations read as
[λa, λb] = 2icabcλc, (62)
[λa, λb¯] = 2if
c¯
ab¯
λc¯, (63)
{λa¯, λb¯} = 2dca¯b¯λc. (64)
Here λ1, . . . , λ7 are the standard Gell-Mann matrices
and λ0 = diag(−1,−1,−2). There is an irreducible
four dimensional representation of the su(2/1) superal-
gebra. The existence of this representation is a simple
consequence of the isomorphism between su(2/1) and
osp(2/2), which is a generalization of the well known
isomorphisms between the first members of the infinite
families of simple Lie algebras. The four bosonic lambda
matrices read:
λk =
(
σk 0
0 0
)
, λ0 =
1
n


1 0 0 0
0 1 0 0
0 0 1 + n 0
0 0 0 1− n

 ,
where σk are the standard Pauli matrices and n is a
nonzero real number. The four fermionic lambda ma-
trices read:
λ4 =
1√
2n


0 0 0
√
n− 1
0 0
√
n+ 1 0
0 −√n+ 1 0 0√
n− 1 0 0 0

 ,
λ5 =
i√
2n


0 0 0 −√n− 1
0 0
√
n+ 1 0
0
√
n+ 1 0 0√
n− 1 0 0 0

 ,
λ6 =
1√
2n


0 0 −√n+ 1 0
0 0 0
√
n− 1√
n+ 1 0 0 0
0
√
n− 1 0 0

 ,
λ7 =
−i√
2n


0 0
√
n+ 1 0
0 0 0
√
n− 1√
n+ 1 0 0 0
0 −√n− 1 0 0

 .
Note that as n = −1, we obtain the representation iden-
tical to the fundamental representation of su(1/2).
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